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1

IMAGE PROCESSING APPARATUS, IMAGL
PROCESSING METHOD, RECORDING

MEDIUM, AND PROGRAM

TECHNICAL FIELD

The present mvention relates to an 1mage processing
apparatus, an 1mage processing method, a recording
medium, and a program.

BACKGROUND ART

Conventionally, there have been various 1image processing,
methods for the image data which are captured by an
imaging device such as digital camera. For example, Patent
Documents 1 and 2 described below propose image pro-
cessing methods 1n which 1mage data are separated into a
luminance component and a color component, then pixel
values of multi-resolution 1image data, which are generated
based on the luminance component 1mage data, are manipu-
lated and then reconstructed, and color composition 1s done
with the color component 1image data.

According to such 1mage processing methods, 1t 1s pos-
sible to 1improve problems of a lack of intelligibility and a
lack of a sense of unevenness. Here, the image data having
lacked intelligibility refers to the image data which give a
hazy or foggy impression when compared with the impres-
sion recognized when a human actually sees. Further, the
image data having lacked sense of unevenness refers to the
image data which give a planer impression such that a sense
of rampant trees or a sense of jagged rocks 1n an actual scene
fades away.

SUMMARY OF INVENTION

Technical Problem

However, in the image processing methods like Patent
Documents 1 and 2 where the pixel values of the multi-
resolution image data are umiformly manipulated, an unnatu-
ral luminance change may occur 1n an area where a specific
color component exists. Specifically, 1n an area where satu-
ration 1s high, an uneven luminance which was not percerved
before the image processing (hereinafter referred to as
“pseudo contour”) may newly occur by performing the
1mage processing.

The present invention 1s made 1n light of the problem, and
an object of the present mvention i1s to 1mprove image

quality 1in the 1mage processing which manipulates the pixel
values of the multi-resolution 1image data.

Solution to Problem

According to an aspect of the present invention, an 1mage
processing apparatus includes a color separation unit sepa-
rating 1mage data into a luminance component and a color
component; a processing unit generating second 1mage data
of the luminance component by manipulating pixel values of
multi-resolution 1image data generated from {first image data
of the luminance component and reconstructing the manipu-
lated multi-resolution 1mage data; and a composition unit
compositing the second image data of the luminance com-
ponent with image data of the color component. Further, the
processing umt generates the second image data of the
luminance component based on pixel values which are
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2

adjusted by using parameters in accordance with pixel
values of the image data of the color component.

Advantageous Elflects of Invention

According to an aspect of the present invention, it
becomes possible to improve image quality 1in the image
processing which manipulates the pixel values of the multi-
resolution 1mage data.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a drawing illustrating an entire configuration of
an 1mage processing apparatus.

FIG. 2 1s a drawing illustrating a hardware configuration
of the 1mage processing apparatus.

FIG. 3 1s a drawing illustrating a functional configuration
ol an 1mage processing program.

FIG. 4 1s a drawing illustrating an outline of image
processing by the 1mage processing program.

FIG. § 1s a drawing 1llustrating a calculation method of a
saturation value.

FIG. 6 1s a drawing 1llustrating a relationship between the
saturation value and an adjustment ratio stored in an adjust-
ment ratio DB.

FIG. 7 1s a drawing 1illustrating manipulation content of
pixel values of multi-resolution 1mage data stored in an
image manipulation DB.

FIG. 8 1s a drawing 1llustrating a functional configuration
ol an 1mage processing program.

FIG. 9 1s a drawing illustrating an outline of image
processing by the 1image processing program.

FIG. 10 1s a drawing illustrating a calculation method of
a saturation value.

FIG. 11 1s a drawing illustrating a relationship between a
color component and the adjustment ratio stored in the
adjustment ratio DB.

FIG. 12 1s a drawing illustrating the manipulation content
of the pixel values of the multi-resolution 1image data stored
in the 1mage manipulation DB.

FIG. 13 1s an enlarged view 1llustrating the manipulation
content of the pixel values of the multi-resolution 1mage data
stored 1n the 1mage manipulation DB.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments of the present invention
are described with reference to the accompanying drawings.
Note that throughout the descriptions and the drawings of
the embodiments described herein, the same reference
numerals are used to describe the elements having substan-
tially the same function as each other, and repeated descrip-
tions thereof may be omitted.

First Embodiment

1. Entire Configuration of an Image Processing Apparatus

First, a whole configuration of an 1mage processing appa-
ratus 1s described. FIG. 1 1illustrates an entire configuration
of an 1image processing apparatus 100. As 1llustrated 1n FIG.
1, the 1mage processing apparatus 100 includes an image
processing program 110, an adjustment ratio database (here-
inafter, the term “database” may be simplified as a “DB”)
121, and an 1mage mampulation DB 122.

The image processing program 110 performs processes of
separating the 1mage data, which are captured by an imaging
device such as a digital camera, etc., mto a luminance
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component and a color component thereof and mampulating
the pixel values of the multi-resolution image data which are
generated based on the luminance component 1mage data.
Further, the image processing program 110 reconstructs the
luminance component 1mage data based on the multi-reso-
lution 1mage data whose pixel values have been manipu-
lated, and performs color composition with the color com-
ponent 1mage data.

Further, in the image processing program 110, when the
luminance component image data are reconstructed, a
parameter (adjustment ratio) 1s used which varies 1 accor-
dance with the pixel value of the color component image
data.

The adjustment ratio DB 121 stores the values of the
adjustment ratios which are used when the image processing
program 110 reconstructs the luminance component image
data. Specifically, the adjustment ratio DB 121 stores the
adjustment ratios, which are calculated based on the color
component 1image data, relative to each pixel value of the
image data of a saturation value.

The 1mage manipulation DB 122 stores the information
related to the manipulation amount when the image pro-
cessing program 110 manipulates the pixel values of the
multi-resolution 1mage data which are generated based on
the luminance component image data. Specifically, the
image manipulation DB 122 stores the pixel values before
the manipulation of the multi-resolution 1mage data in
association with the pixel values after the manipulation of
the multi-resolution 1image data.

2. Hardware Configuration of Image Processing Appara-
tus

Next, a hardware configuration of the 1mage processing
apparatus 100 1s described. FIG. 2 1s a drawing 1llustrating
a hardware configuration of the image processing apparatus
100. As illustrated 1in FI1G. 2, the 1image processing apparatus

100 includes a Central Processing Unit (CPU) 201, a Read-
Only Memory (ROM) 202, a Random Access Memory
(RAM) 203, and an 1mput/output section 204. Further, in the
image processing apparatus 100, the CPU 201, the ROM
202, the RAM 203, and the mput/output section 204 are
connected to each other via a bus 205.

The CPU 201 1s a computer to execute various programs
(e.g., the 1mage processing program 110) stored in the ROM
202.

The ROM 202 1s a non-volatile memory. The ROM 202
stores the various programs to be executed by the CPU 201,
a boot program which 1s necessary to execute the various
programs, various DBs (e.g., adjustment ratio DB 121 and
the 1mage manipulation DB 122), eftc.

The RAM 203 i1s a main memory such as a Dynamic
Random Access Memory (DRAM), Static Random Access
Memory (SRAM), etc. The RAM 203 functions as a work-
ing area which 1s provided when the various programs stored
in the ROM 202 are executed by the CPU 201.

The input/output section 204 transmits and receives data
with peripheral modules. The image data, which are to be
processed by executing the image processing program 110
by the CPU 201, are input via the input/output section 204.
Further, the processed image data are output via the mput/
output section 204.

Further, the image processing apparatus 100 1s assumed to
be used by being embedded into an apparatus having an
imaging function or an image forming function such as an
imaging apparatus like a digital camera, etc., an i1mage
forming apparatus like a scanner, etc., a smartphone, etc.
Further, the image processing apparatus 100 may function as
a stand-alone apparatus having an image editing function
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like a personal computer, a portable information terminal,
etc., by connecting a user interface section. In this case, the
image processing program 110 may be stored 1n a portable
recording medium.

3. Functional Configuration of the Image Processing
Program

Next, the functions are described with reference to FIGS.
3 through 7, which are realized by executing the image
processing program 110 by the CPU 201. FIG. 3 1s a drawing
illustrating a functional configuration of the 1mage process-
ing program 110 according to a first embodiment. FIG. 4 1s
a drawing illustrating an outline of the 1image processing by
the 1mage processing program 110 according to the first
embodiment. FIG. 5 1s a drawing illustrating a method of
calculating the saturation value. FIG. 6 1s a drawing 1llus-
trating a relationship between the saturation value and the
adjustment ratio represented 1n the adjustment ratio DB 121.
FIG. 7 1s a drawing illustrating manipulation content.

In the following, with reference to FIGS. 4 through 7
sequentially, the functional configuration of the 1image pro-
cessing program 110 1n FIG. 3 1s described.

As 1llustrated 1n FIG. 3, the functions which are realized
by executing the image processing program 110 by the CPU
201 1include the functions realized by a color separation
section 310, a luminance component processing section 320,
an adjustment section 330, and a color composition section
340.

(1) Description of the Color Separation Section 310

The color separation section 310 acquires the image data
which 1s mput via the input/output section 204. The image
data 400 of FIG. 4 1s an example of the image data which 1s
acquired by the color separation section 310. In the follow-
ing description, 1t 1s assumed that the image data 400 has an
1x] pixel size.

The file format of the image data 400 acquired by the
color separation section 310 1s a TIF format, and a color
space thereol 1s an RGB color space. Further, the image data
400 acquired by the color separation section 310 has a 16-bat
pixel value for each color per pixel. Note that, however, the
file format of the image data 400 acquired by the color
separation section 310 1s not limited to the TIF format. For
example, the file format thereof may be any other file format
such as a JPEG format, a PNG format, etc. Further, the color
space of the image data 400 acquired by the color separation
section 310 1s not limited to the RGB color space, and may
be a color space other than the RGB color space. Further, the
data amount of the pixel value per pixel 1in the image data
400 acquired by the color separation section 310 i1s not
limited to 16 bits for each color.

The color separation section 310 converts the color space
of the acquired image data 400 from RGB color space to
YCbCr color space based on the following Formula (For-
mula 1).

Y=0.299R+0.587G+0.1145
Cr=0.500K-0.419G-0.0815

CHh=-0.169R+-0.2G+0.5005 [Math.1]

Note that, however, the color space of conversion desti-
nation by the color separation section 310 1s not limited to
the YCbCr color space, and may be any color space having
a luminance component and a color component such as
La*b* color space, HSV color space, efc.

The color separation section 310 inputs the luminance (Y)
component, which 1s acquired by the conversion into the
YCbCr color space, 1into the luminance component process-
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ing section 320. Further, the color separation section 310
inputs the color (CrCb) component nto the adjustment
section 330. The image data 410 of FIG. 4 1s luminance (Y)
component 1mage data which 1s acquired by the conversion
to the YCbCr color space, and the image data 460 of FIG.
4 1s the color (CrCb) component image data which 1is
acquired by the conversion to the YCbCr color space.

(2) Description of the Adjustment Section 330

The adjustment section 330 acquires the color (CrCb)
component 1mage data 460 which 1s mput from the color
separation section 310, and calculates the saturation value
“C” based on the following Formula (2).

C=(Cr’+Ch*)°” [Math.2]

Here, when the color components “Cr” and “Cb” change
in the horizontal axis and the vertical axis, respectively, the
saturation value “C” on the same concentric circle around
the origin 1s the same value. For example, the saturation
value “C,” 1s equal to the saturation value “C,” because
those values are located on the same concentric circle.

The adjustment section 330 calculates the saturation value
“C” for each pixel 1n the color (CrCb) component image data
460. The image data 470 of F1G. 4 1s the saturation value (C)
image data which 1s calculated for each pixel by the adjust-
ment section 330. As illustrated in FIG. 4, the saturation
value (C) image data 470 includes a high saturation area and
a low saturation area.

Further, the adjustment section 330 derives an adjustment
ratio “o.” for each pixel by referring to the adjustment ratio
DB 121 based on the calculated saturation value “C”. For
example, the adjustment ratio DB 121 stores the following
Formula (3), so that the adjustment ratio DB 121 can derive
the adjustment ratio “a” based on Formula (3) when the
saturation value “C” 1s mput.

a=1.0 (C <= Cyy)

Math. 3]

=1.0-10.0x% (C'—Ci) (Cypp < C < Cyp)

= 0.0 (Cyp <= ()

FIG. 6 illustrates a relationship between the saturation
value “C” and the adjustment ratio “c” based on Formula
(3). As 1s apparent from FIG. 6, according to the adjustment
ratio DB 121, adjustment ratio=1 1s derived relative to the
pixel of low saturation and adjustment ratio=0 1s derived
relative to the pixel of high saturation.

Further, the method of deriving the adjustment ratio by the
adjustment section 330 1s not limited to the method based on
Formula (3). That 1s the adjustment ratio may be derived
based on any formula other than Formula (3). Further, the
method 1s not limited to a case where the adjustment ratio 1s
expressed by a formula(s). For example, the adjustment ratio
may be derived based on a two-dimensional lookup table on
the saturation value “C” basis.

The adjustment ratio “c” derived for each pixel by the
adjustment section 330 1s mput to a reconstruction section
323 of the luminance component processing section 320.
Here, the adjustment ratio “a” 1s derived for each pixel of
the saturation value (C) image data 470 and thus, in the
tollowing, the adjustment ratio 1s described as “o(x, y)”.

(3) Description of the Luminance Component Processing
Section 320

Next, the luminance component processing section 320 1s
described. The luminance component processing section

320 includes a multi-resolution 1mage generation section
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321, a multi-resolution image manipulation section 322, and
the reconstruction section 323.

(3-1) Description of the Multi-Resolution Image Genera-
tion Section 321

The multi-resolution 1mage generation section 321 has
functions to acquire the luminance (Y) component image
data 410 and generate the multi-resolution 1mage data 420.

Specifically, upon acquiring the luminance (Y) compo-
nent image data 410, first, the multi-resolution 1mage gen-
eration section 321 performs a smoothing process using a
Sx5 Gaussian filter. Then, the multi-resolution 1image gen-
eration section 321 generates the image data, whose vertical
and horizontal sizes are half of those of the luminance (Y)
component 1mage data 410 acquired by performing the
smoothing process, having the pixel data belonging to rows
and columns to which even numbers are allocated of the
luminance (Y) component image data 410.

Further, 1n the following, the image data that have been
generated as described above are called “scaled-down 1image
data”. Further, the header row and the header column of the
luminance (Y) component image data 410 are called a “Oth
row” and a “Oth column”, respectively. (That 1s, the multi-
resolution 1mage generation section 321 performs process-
ing on the rows and columns to which even numbers are
allocated of the image data first.)

The image size of the scaled-down 1mage data generated
as described above 1s expressed as (1/2, 1/2). The multi-
resolution image generation section 321 repeatedly performs
a scaled down processing (which 1s a process of generating
image data whose vertical and horizontal sizes are half of
those of the scaled-down image data by performing the
smoothing process first and forming an 1image having rows
and columns to which even numbers are allocated) on the
scaled-down 1mage data. As a result, the vertical and hori-
zontal sizes of the generated 1image are reduced by half (12
S1Z¢€).

After that, the multi-resolution 1mage generation section
321 doubles the vertical and horizontal sizes of the scaled-
down 1mage data to generate the image data having the
image size (1, 1) which 1s the same as the size of the acquired
image data. In this case, the pixel values of the scaled down
image data are allocated to the pixels of even-numbered
rows and columns (rows and columns to which respective
even numbers are allocated as the row and column num-
bers). Further, the pixel values of the even-numbered rows
and columns are temporarily allocated to the pixels of the
rows and columns at least one of which an odd number 1s
allocated. That 1s, four pixels having the same pixel value
are generated. After that, the smoothing process using a 5x5
Gaussian filter 1s performed to generate image data (here-
inafter, the image data generated as described above 1s called
“scaled-up 1mage data™).

The multi-resolution 1mage generation section 321 gen-
crates 1mage data 1n which a difference 1s calculated at each
pixel between the 1mage data before the scaled down pro-
cessing 1s performed thereon and the image data which 1s
acquired by performing the scaled down processing and then
the scaled up processing. Hereinafter, the image data gen-
crated as described above i1s called “Laplacian component
image data”.

The multi-resolution 1mage generation section 321 gen-
crates the Laplacian component image data having a {first
resolution level (resolution level 0). The image data 420_0
in FIG. 4 1s the Laplacian component image data having the
resolution level 0 and 1s the 1image data having the image
s1ze=(1, 1).
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Next, the multi-resolution 1mage generation section 321
acquires a difference between the further scaled-down 1image
data and the scaled-up image data which are generated by
performing the scaled down processing and then the scaled
up processing on the further scaled-down image data. By
doing this, Laplacian component image data 420-1 1n the
next resolution level are calculated.

The Laplacian component image data 420-1 1s the Lapla-

cian component 1image data having a resolution level 1 and
1s the 1image data having the image size=(1/2, 1/2).

L, (x, y) = signx (| Ly(x, y)| /range)” xrange

After that, the multi-resolution 1mage generation section
321 repeats the scaled down processing, the scaled up
processing, and the process of calculating the Laplacian
component image data until the Laplacian component image
data 420_d having the 1mage size=(2, 2) are calculated. By
doing this, 1t becomes possible to generate a set of Laplacian
component image data from the Laplacian component image
data 420_0 having the image size=(1, j) and having the
resolution level O to the Laplacian component image data
420_d having the image size=(2, 2) and having the resolu-
tion level d. The set of the Laplacian component image data
corresponds to a set of 1image data of the multi-resolution
image data 420 having respective resolution levels which 1s
a so-called “Laplacian pyramid”.

In the above description, the 5x5 Gaussian filter 1s used as
a smoothing filter when the multi-resolution 1mage genera-
tion section 321 performs the scaled down processing and
the scaled up processing. Note that, however, any other
smoothing filter may be alternatively used. Further, without
using any smoothing filter, a so-called “interpolation pro-
cess” may be used when the scaled down processing and the
scaled up processing are performed. As specific examples of
the interpolation process, there are a bi-linear method, a
bi-cubic method, etc.

Further, when the scaled down processing 1s repeatedly
performed, there may be a case where the 1mage size
corresponds to an odd number depending on the luminance
(Y) component image data 410. In such a case, according to
this embodiment, 1t 1s assumed that the multi-resolution
image generation section 321 performs the scaled down
processing by using the rows and columns to which even
numbers are allocated. However, when the image size cor-
responds to an odd number, the method of the scaled down
processing 1s not limited thereto.

For example, when the image size (e.g., the number of
rows 1s P) corresponds to an odd number, the scaled down
processing may be performed by assuming that the image
size (number of rows) after the scaled down process 1s
(P+1)/2. In this case, the pixel values at the pixels where
both row and column have respective even numbers before
the scaled down processing 1s performed are reflected on the
pixels after the scaled down process 1s performed.

Otherwise, when the image size (the number of rows)
before the scaled down processing corresponds to an odd
number, one row may be added first and then the scaled
down processing 1s performed to generate the image data
having a half (%2) size. Further, at the stage when the
luminance (Y) component image data 410 1s acquired, the
image size may be expanded by 2-factorial first and the
multi-resolution 1image data 420 1s generated.
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(3-2) Description of the Multi-Resolution Image Manipu-
lation Section 322
The multi-resolution 1mage manipulation section 322 1s

described. The multi-resolution 1mage manipulation section

322 manipulates the pixel values of the Laplacian compo-
nent image data 420_» having the resolution level n included
in the multi-resolution 1mage data 420 generated by the

multi-resolution 1mage generation section 321 based on the
following Formula (4)

(When | L, (x, y)| <range)

= sign=(grad = (| L,(x, v) | —range) + range) (When range < |L,(x, v)|)

Here, the elements 1n Formula (4) denote as follows.

The element “L'n(x, v)” denotes the corresponding pixel
values of the Laplacian component image data after manipu-
lation at the resolution level n, where “n” 1s 1n a range from
0 to d (upper limit determined depending on input image
S1Z¢).

The element “|Ln(x, y)I”” denotes an absolute value (mag-
nitude) of the pixel values 1 the Laplacian component
image data before manipulation at the resolution level n.

The element “sign” has a value “1” or “-1” when the
value of Ln(x, y) 1s positive or negative, respectively.

Here, the element “range™ 1s set to “0.17. This 1s because
the luminance (Y) component image data in YCbCr color
space corresponds to the original image and the luminance
(Y) component image data i1s 1 a range from 0.0 to 1.0.
Further, the value of the “range” depends on the dynamic
range of the original image.

Here, the element “a” 1s set to 0.6.

Further, the element “grad” 1s set to 0.6. (Further, the
value of “grad” depends on the dynamic range of the original
image.)

FIG. 7 1s a graph of the manipulation content of FIG. 4
illustrating a relationship between the Laplacian component
image data before manipulation and the Laplacian compo-
nent image data after the manipulation calculated by using
Formula 4. In FIG. 7, the bold solid line expresses the
relationship of Formula 4. As a comparison, the dotted line
in the graph expresses that the relationship of the inclination
1s 1 (1.e., the pixel values of the Laplacian component image
data do not change between before and after the manipula-
tion).

As 1s apparent from FIG. 7, with respect to the pixel value
having a small absolute value (pixel value having a small
absolute value of the Laplacian component image data
before manipulation), the manipulation 1s performed in a
manner such that the pixel value i1s increased and the
increase amount thereof 1s relatively large. On the other
hand, with respect to the pixel value having a large absolute
value (pixel value having a large absolute value of the
Laplacian component image data before manipulation), the
mampulation 1s performed 1n a manner such that the pixel
value 1s increased but the increase amount thereof 1s rela-
tively small or the pixel value 1s decreased.

Further, note that the content of the manipulation by the
multi-resolution 1mage manipulation section 322 i1s not
limited to the content of the manipulation illustrated 1n FIG.
4, and any other content of the manipulation may be
performed. Further, the manipulation performed by the
multi-resolution i1mage manipulation section 322 i1s not
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limited to that performed based on a formula such as
Formula (4), and the manipulation may be performed based
on, for example, a lookup table.

Further, in Formula (4), 1t 1s set that “range=0.1" because
it 1s assumed that the multi-resolution 1mage data 420 of the
luminance (Y) component image data 410 1n YCbCr space
1s manipulated. In the case of the multi-resolution 1mage
data 420 of the luminance (Y) component image data 410 1n
YCbCr space, the dynamic range (Dr) 1s 1n a range from 0.0
to 1.0. Therefore, 1t 1s set that range=0.1.

In other words, in a case of the multi-resolution 1mage
data which are based on another color space having different

dynamic range, the value of the “range” changes accord-
ingly. For example, in the case of the multi-resolution image
data which are based on La*b* color space, the dynamic
range 1s from 0.0 to 100.0. Therefore, 1t 1s to be set that
range=10.

That 1s, the content of the manipulation by the multi-
resolution 1image manipulation section 322 varies depending,
on whether the value of the Laplacian component image data
420_»n belfore the mampulation at the resolution level n
satisiies the following Formula (5).

L /Dr<0.1 [Math.5]

Based on this, the pixel value Ln where the dynamic range
(Dr) 1s less than Vio increases, and the pixel value Ln where
the dynamic range (Dr) 1s greater than or equal to Vo
decreases.

(3-3) Description of the Reconstruction Section 323

The reconstruction section 323 reconstructs luminance
(Y) component image data based on multi-resolution 1mage
data 430, which 1s after manipulation, by repeatedly per-
forming mampulation which 1s opposite to the manipulation
of the multi-resolution 1mage generation section 321. Spe-
cifically, the calculation starts with the resolution level on
the lower resolution side, and the process of adding the pixel
values generated aiter the scaled up processing 1s repeated in
cach of the resolution levels, so that luminance (Y') com-
ponent image data 1s reconstructed. In FI1G. 4, the image data
440 1s the reconstructed luminance (Y') component image
data.

Further, the calculation of the scaled up processing in the
reconstruction section 323 1s based on the method same as
that 1n the calculation of the scaled up processing in the
multi-resolution 1mage generation section 321. That 1s, the
image data are generated whose 1mage size i1s the same as
that before the scaled down processing (basically, the image
s1ze having doubled 1n both vertical and horizontal direc-
tions), and the pixel values of the multi-resolution 1mage
data of a low resolution level are set to the pixels at the row
and column to which respective even numbers are allocated.
In this case, the pixel values of the even-numbered rows and
columns are temporarily allocated to the pixels of the rows
and columns at least one of which an odd number 1is
allocated (that 1s, four pixels having the same pixel value are
generated). After that, the smoothing process using a 5x5
(Gaussian {ilter 1s performed to generate the scaled-up 1mage
data.

Further, the reconstruction section 323 composites
between the luminance (Y') component image data 440
acquired by the reconstruction and the luminance (Y) com-
ponent 1mage data 410 before manipulation by using the
adjustment ratio o(x, y) which 1s input from the adjustment
section 330.

Specifically, the pixel values (Y" (X, v)) of luminance (Y")
component image data 450 are calculated based on the
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following Formula (6) by using the adjustment ratio a(x, v)
input from the adjustment section 330.

F'ixy)=axy)* ixy+{l-alxy)* Yxy) [Math. 6]

Due to the reflection of the adjustment ratio a(x, y) 1n
Formula (6), the luminance (Y") component image data 450
becomes so that:

1) pixels values 1 an area corresponding to the low
saturation area of the saturation value (C) image data 470
become the pixel values on which the manipulation relative
to the multi-resolution 1mage data 1s reflected. That 1s, the
pixel values become similar to the pixel values of the
luminance (Y') component image data 440; and

11) pixels values 1n an area corresponding to the high
saturation area of the saturation value (C) image data 470
become the pixel values on which the manipulation relative
to the multi-resolution 1image data 1s not reflected. That 1s,
the pixel values become similar to the pixel values of the
luminance (Y) component image data 410.

As a result, 1t becomes possible to prevent the occurrence
of pseudo contour in the high saturation area caused by
performing the manipulation on the multi-resolution 1mage
data.

The reconstruction section 323 outputs the luminance
(Y") component 1image data 450 calculated as described
above to the color composition section 340.

(4) Description of the Color Composition Section 340

The color composition section 340 performs color com-
position between the luminance (Y'") component image data
450 output from the reconstruction section 323 and the color
(CrCb) component 1mage data 460 output from the color
separation section 310. Further, the color composition sec-
tion 340 performs conversion from the YCrCb color space
to the RGB color space on the image data acquired by the
color composition, and outputs the image data 480 having
RGB color components.

4. Outline

As 1s apparent from the above descriptions, in the 1mage
processing of manipulating the pixel values of the multi-
resolution 1mage data in the 1mage processing apparatus
according to this embodiment,

1) different adjustment ratios are derived based on the
color component 1mage data between the pixels having
higher saturation and the pixels having lower saturation; and

11) composition 1s performed between the luminance com-
ponent 1mage data before mamipulation and the luminance
component 1image data, which 1s acquired by restructuring
the multi-resolution 1mage data after manipulation, by using
the derived adjustment ratios.

By doing this, on the luminance component 1image data to
be composited with the color component 1mage data,

1) 1n the high saturation area, the luminance component
image data before manipulation 1s reflected; and

1) 1n the low saturation area, the luminance component
image data after manipulation 1s reflected.

As a result, 1t becomes possible to prevent the occurrence
of pseudo contour in the high saturation area caused by
performing the manipulation on the multi-resolution 1mage
data. That 1s, 1t becomes possible to improve the image
quality 1n the 1mage processing of manipulating the pixel
values of the multi-resolution 1mage data.

Second Embodiment

In the first embodiment, the composition 1s made between
the luminance (Y) component image data, which 1s acquired
by performing the color separation on the input image data,
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and the luminance (Y") component image data, which 1s
acquired by restructuring the multi-resolution 1mage data
alter manipulation, by using the derived adjustment ratios.

On the other hand, 1n a second embodiment, the compo-
sition 15 made between the multi-resolution 1mage data
before manipulation and the multi-resolution 1mage data
alter manmipulation by using the derived adjustment ratios.
By doing this, in the high saturation area, i1t becomes
possible to generate the multi-resolution 1mage data on
which the multi-resolution 1image data after manipulation
have not been reflected. Further, 1in the low saturation area,
it becomes possible to generate the multi-resolution 1image
data on which the multi-resolution 1mage data after manipu-
lation have been reflected. In the following, details of the
second embodiment are described. Note that the points
different from those in the first embodiment are mainly
described.

1. Functional Configuration of an Image Processing
Apparatus

With reference to FIGS. 8 and 9, the functions are
described realized by executing an image processing pro-
gram 110 according to the second embodiment by the CPU
201. FIG. 8 1s a drawing 1llustrating a functional configu-
ration of the image processing program 110 according to the
second embodiment. FIG. 9 1s a drawing illustrating an
outline of the image processing by the 1mage processing
program 110 according to the second embodiment. In the
following, the functional configuration of the image pro-
cessing program 110 of FIG. 8 1s described with reference to
FIG. 9 occasionally. Here, the functional configuration of
FIG. 8 differs from that described with reference to FIG. 3
in the first embodiment 1n an adjustment section 830, a
multi-resolution 1mage manipulation section 822, and a
reconstruction section 823. Therefore, 1n the following, the
adjustment section 830, the multi-resolution 1image manipu-
lation section 822, and the reconstruction section 823 are
described in detail.

(1) Description of the Adjustment Section 830

The adjustment section 830 acquires the color (Cr) com-
ponent 1mage data and the color (Cb) component image data
from the color separation section 310. The image data 920
of FIG. 9 1s the color (Cr) component image data and the
image data 930 of FIG. 9 1s the color (Cb) component image
data.

The adjustment section 830 generates respective multi-
resolution 1mage data relative to the color (Cr) component
image data and the color (Cb) component image data.
Specifically, the adjustment section 830 generates the multi-
resolution 1mage data by repeatedly performing only the
scaled down process on the color (Cr) component image
data and the color (Cb) component image data.

The 1mage data 940 of FIG. 9 are the multi-resolution
image data generated based on color (Cr) component image
data 920. The image data 950 of FIG. 9 are the multi-
resolution 1image data generated based on color (Cb) com-
ponent 1image data 930.

Further, the processing to generate the multi-resolution
image data 940 relative to the color (Cr) component image
data 920 1s similar to the process to generate the multi-
resolution 1mage data 950 relative to the color (Cb) com-
ponent 1mage data 930. Due to this, in the following, the
processing to generate the multi-resolution 1mage data 940
relative to the color (Cr) component image data 920 1s
described.

The adjustment section 830 performs a smoothing process
on the color (Cr) component image data 920 (1mage data
having the image size=(1, 1)) using a 5x5 Gaussian filter.
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Next, the adjustment section 830 generates the 1image data,
whose vertical and horizontal sizes are half of those of the
color (Cr) component image data 920, having (only) the
rows and columns to which corresponding even numbers are
allocated 1n the 1mage data on which the smooth process has
been performed. Further, similar to the first embodiment, the
header row and the header column are called the “Oth row™
and the “Oth column”, respectively. That 1s, similar to the
first embodiment, the scaled down processing 1s performed
on the rows and columns, to which even numbers are
allocated, of the color (Cr) component image data 920.

By the above processing, the Gaussian component 1mage
data 940_1 having the first resolution level of a Gaussian
pyramid (resolution level 1) 1s generated. Further, the Gauss-
1an component 1image data 940_0 having a resolution level
0 1s the same as the color (Cr) component image data 920
output from the color separation section 310.

After that, the scaled down processing 1s repeatedly
performed, the Gaussian component image data having
respective resolution levels are generated until the image
s1ze 15 (2, 2). The pixel values of the Gaussian component
image data 940_» having a resolution level n of the color
component (Cr) generated as described above are expressed
as Crm(x, v).

Similarly, the adjustment section 830 generates the
Gaussian pyramid of the multi-resolution 1mage data 950
relative to the color (Cb) component 1mage data 930. Here,
the generated pixel values of the Gaussian component image
data 950_» having a resolution level n of the color compo-
nent (Cb) are expressed as Cbn(x, vy).

The adjustment section 830 generates saturation value (C)
multi-resolution 1image data by using the multi-resolution
image data 940 and the multi-resolution image data 950
generated as described above. Specifically, the adjustment
section 830 generates saturation value (C) multi-resolution
image data by using the Gaussian component image data
940_» having the resolution level n relative to the color (Cr)
component 1mage data 920 and the Gaussian component
image data 950_z» having the resolution level n relative to the
color (Cb) component image data 930.

In FIG. 9, the image data 960 are the saturation value (C)
multi-resolution 1mage data calculated by the adjustment
section 830 for each resolution level. Further, the pixel
values Cn(x, y) of the saturation value (C) multi-resolution
image data 960 are calculated based on the following

Formula (7).

C (X)) =(Cr (%, y)°+Cb, (x,y)")" [Math.7]

Based on the pixel values Cn(x, y) of the saturation value
(C) multi-resolution 1mage data 960 generated as described
above, the adjustment section 830 calculates the adjustment
ratios based on the following Formula (8).

an(x, y) = 1.0 (Cr <= Cipr1)

= 1.0-10.0X(Cp(x, ¥) = Cpp1) (Copp < Cpy < Cyp2)

= (0.0 (sz <= Cn)

In Formula (8), the “an(x, y)” denotes the adjustment
ratio to be used when the composition 1s made between the
pixel values of the luminance (Y) component multi-resolu-
tion 1mage data having the solution level n before and after
mampulation.

The adjustment section 830 1nputs the adjustment ratios
an(x, y) corresponding to the pixel values Cn(x, y) of the
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saturation value (C) multi-resolution image data 960 having
the resolution level n 1n the multi-resolution 1mage manipu-
lation section 822. Here, the relationship between the pixel
values Cn(x, y) of the saturation value (C) multi-resolution
image data 960 having the resolution level n and the
adjustment ratios an(x, y) 1s already described 1n the above
first embodiment with reference to FIG. 6, therefore, the
repeated description thereof 1s herein omuitted.

(2) Description of the Multi-Resolution Image Manipu-
lation Section 822

From the multi-resolution 1image generation section 321,
the multi-resolution 1mage manipulation section 822
acquires the pixel values Ln(x, y) of the Laplacian compo-
nent image data 420_» having the resolution level n included
in the multi-resolution 1mage data 420 relative to the lumi-
nance (Y) component image data 410. Then, the multi-
resolution 1mage manipulation section 822 mampulates the
acquired pixel values Ln(x, y) of the Laplacian component
image data 420_» based on Formula (4). By doing this, the
pixel values L'n(x, y) of the Laplacian component image
data 430_» after mampulation are obtained.

The multi-resolution 1mage manipulation section 822
makes composition between the pixel values L'n(x, y) of the
Laplacian component image data 430_z after manipulation
and the pixel values Ln(x, y) of the Laplacian component
image data 420_» before manipulation. During the compo-
sition, the adjustment ratios an(x, y) output from the adjust-
ment section 830 are used.

Specifically, based on the following Formula (9), the
multi-resolution 1mage manipulation section 822 calculates
the pixel values L"n(x, y) of the Laplacian component image
data 910_» having the resolution level n after composition.

L, (%,y)=0,(%,y)* Ly, (%,y)+(1.0-0, (x,3))*L,,(x.) [Math.9]

By Formula (9), the adjustment ratios an(x, y) are
reflected, so that in luminance (Y) component multi-reso-
lution 1mage data 910 after composition,

1) the pixel values in the area corresponding to the low
saturation area of the saturation value (C) multi-resolution
image data 960 are the pixel values on which the manipu-
lation relative to the luminance (Y) component multi-reso-
lution 1mage data 1s reflected, that 1s, the pixel values 1n the
area corresponding to the low saturation area are the pixel
values of the multi-resolution 1mage data after manipulation;
and

11) the pixel values 1n the area corresponding to the high
saturation area ol the saturation value (C) multi-resolution
image data 960 are the pixel values on which the manipu-
lation relative to the luminance (Y) component multi-reso-
lution 1image data 1s not retlected, that is, the pixel values 1n
the area corresponding to the high saturation area are the
pixel values of the multi-resolution 1mage data before
manipulation.

As a result, 1t becomes possible to prevent the occurrence
of pseudo contour in the high saturation area caused by
performing the mamipulation on the multi-resolution 1mage
data.

(3) Description of the Reconstruction Section 823

The reconstruction section 823 reconstructs the lumi-
nance (Y") component image data 450 by repeatedly per-
forming the mampulation, which 1s opposite to the manipu-
lation of the multi-resolution 1mage generation section 321,
on the luminance (Y) component multi-resolution image
data 910 which 1s output from the multi-resolution 1image
manipulation section 822.

The luminance (Y") component image data 450 acquired
by restructuring the luminance (Y) component multi-reso-
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lution 1mage data 910 1n the reconstruction section 823 is
input 1n the color composition section 340, so that the
luminance (Y") component image data 450 1s composited
with the color (Cr) component image data 920 and the color
(Cb) component image data 930.

2. Outline

As 1s apparent from the above description, 1n the image
processing apparatus according to this embodiment, 1n the
image processing of manipulating the pixel values of the
multi-resolution 1image data,

1) multi-resolution 1mage data relative to color component
image data are generated and the saturation values at each of
the resolution levels are calculated, so that different adjust-
ment ratios are derived between the pixels having high
saturation and the pixels having low saturation; and

11) 1n restructuring the multi-resolution 1mage data gen-
crated from the luminance component image data, the com-
position 1s made using the multi-resolution 1mage data after
mampulation and the multi-resolution 1mage data before
mampulation by using the adjustment ratios.

By doing this, 1n the reconstructed luminance component
multi-resolution 1image data,

1) on the high saturation area, the luminance component
multi-resolution image data before manipulation 1s reflected;
and

11) on the low saturation area, the luminance component
multi-resolution 1image data after manipulation 1s retlected.

As a result, 1t becomes possible to prevent the occurrence
of pseudo contour in the high saturation area caused by
performing the manipulation on the multi-resolution 1mage
data. That 1s, 1t becomes possible to improve the image
quality 1n the 1mage processing of manipulating the pixel
values of the multi-resolution 1mage data.

Third Embodiment

In the above first and second embodiments, 1n calculating,
the saturation value (C) image data by using the color (Cr)
component 1mage data and the color (Cb) component image
data, a square-root of sum of squares of the pixel values of
the color (Cr) component image data and the color (Cb)
component image data are used. On the other hand, 1n a third
embodiment, the pixel values of the color (Cr) component
image data or the pixel values of the color (Cb) component
image data, whichever 1s greater, are set as the saturation
values (C). That 1s, 1n the third embodiment, the adjustment
sections 330 and 830 calculate the saturation values (C)
based on the following Formula (10).

C=max({|C |,1C,1)

Further, as illustrated in FIG. 10, the saturation values (C)
calculated based on the following Formula (10) are arranged
on the sides of similar quadrates having a common corner at
the origin of the coordinates where the color (Cr) component
1s plotted along the horizontal axis and the color (Cb) 1s
plotted along the vertical axis. For example, the saturation
value C, 1s equal to the saturation value C,.

In the adjustment sections 330 and 830, by calculating the
saturation values (C) based on Formula (10), it becomes
possible to reduce the processing load 1n calculating the
saturation values (C).

[Math.10]

Fourth Embodiment

In the above first through third embodiments, the adjust-
ment ratio “a’ 1s set to one when the saturation value (C) 1s
less than or equal to the threshold value C,,; and adjustment
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ratio “o’” 1s set to zero when the saturation value (C) 1s
greater than or equal to the threshold value C, ,, so that the
manipulation relative to the multi-resolution 1mage data 1s
not retlected on the high saturation area.

On the other hand, 1n a fourth embodiment, when the
color (Cr, Cb) components are within a predetermined range,
the adjustment ratio “a” 1s set to zero, and otherwise, the
adjustment ratio “a” 1s set to one. By doing this, 1t becomes
possible not to reflect the manipulation relative to the
multi-resolution 1mage data on the area having predeter-
mined color (Cr, Cb) components. Specifically, the follow-
ing Formula (11) 1s stored in the adjustment ratio DB 121,
so that when the color (Cr, Cb) components are mnput, the
adjustment ratio “a” 1s derived based on the following

L
Formula (11).

a=00 002«<=Cr<=0.18and —-0.2<=Chb<=0.0 [Math. 11]

= 1.0 When other than above

Further, FIG. 11 illustrates a relationship between the
color (Cr, Cb) components of Formula (11) and the adjust-
ment ratio “a”. As apparent from FIG. 11, according to the
adjustment ratio DB 121, adjustment ratio=0 1s derived
relative to the pixels having the color (Cr, Cb) components
within a predetermined range, and adjustment ratio=1 1s
derived relative to the pixels having the color (Cr, Cb)
components outside the predetermined range.

For example, the range of the color (Cr) component and
the color (Cb) component 1s a range corresponding to colors
of human skin. In this case, when the adjustment ratio “a.”
1s used derived based on Formula (11), the manipulation
relative to the luminance (Y) component multi-resolution
image data 1s not reflected on the area including the colors
of human skin.

Generally, when the manipulation relative to luminance
(Y) component multi-resolution image data 1s performed, a
small density change 1s increased. As a result, eflects of
improved sense of intelligibility and sense of unevenness
can be acquired. On the other hand, creases and pores of
human skin may be emphasized. In the fourth embodiment,
by using the adjustment ratio “o” derived based on Formula
(11), it becomes possible to prevent the increase of a small
density change with respect to human skin. That 1s, in the
image processing ol manipulating the pixel values of the
multi-resolution 1mage data, it becomes possible to both
improve a sense of intelligibility and a sense of unevenness
and prevent the degradation of human skin.

Fifth Embodiment

In the above first through fourth embodiments, a case 1s
described where the multi-resolution 1image data generated
by the multi-resolution 1mage generation section 321 1s a
Laplacian pyramid. On the other hand, 1n a fifth embodi-
ment, a case 1s described where the multi-resolution 1mage
generation section 321 generates the multi-resolution 1mage
data by repeatedly performing two-dimensional discrete
wavelet transformation.

The two-dimensional discrete wavelet transformation 1s a
known technique. Thus, a detailed description thereof 1s
herein omitted. When the two-dimensional discrete wavelet
transformation 1s performed, by a one-time transiformation
process, the luminance (Y) component image data are
decomposed 1nto one low-frequency coetlicient “LL” and
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three high-frequency coeflicients “LH”, “HL”, and “HH”.
The multi-resolution 1mage generation section 321 further

performs the two-dimensional discrete wavelet transforma-
tion repeatedly on the low-frequency coeflicient “LL”, one
low-frequency coetlicient “LL” and three high-frequency
coeflicients “LH”, “HL”’, and “HH” in the next resolution
level are calculated.

The multi-resolution 1mage manipulation section 322
applies the manipulation of Formula (4) on the coethicients
“LH”, “HL”, and “HH” 1n each of the resolution levels
calculated as described. Then, the reconstruction section 323
reconstructs the multi-resolution 1mage data and generates
the luminance (Y") component image data 450.

As described above, by using the two-dimensional dis-
crete wavelet transformation 1n generating the multi-resolu-
tion 1mage data, it becomes possible to enjoy a benefit of
reducing a memory area to store the multi-resolution 1image
data.

Sixth Embodiment

In the above first through fifth embodiments, the lumi-
nance (Y) component multi-resolution image data are
mampulated based on the manipulation content of FIG. 7.
Specifically,

1) the pixel values having small absolute values (pixel
values having small absolute values of the Laplacian com-
ponent 1mage data) are manipulated so that the pixel values
are increased and the increase amounts are relatively large;
and

11) the pixel values having large absolute values (pixel
values having large absolute values of the Laplacian com-
ponent 1mage data) are manipulated so that the pixel values
are 1ncreased and the increase amounts are relatively small,
or the pixel values are decreased.

On the other hand, in a sixth embodiment, the manipu-
lation 1s performed 1n a manner such that a set of pixel
values, which are relatively small among the pixel values
whose absolute values are small, are not changed; and the
pixel values, which are not included 1n the set of pixel values
and which are included i the pixel values whose absolute
values are small, are increased.

FIG. 12 1s a drawing illustrating the content of the
mamipulation relative to the multi-resolution 1mage data by
the multi-resolution 1mage manipulation section 322 and
822 according to the sixth embodiment. Further, FIG. 13 1s
an enlarged view of an area in the vicinity of the origin of
FIG. 12.

As 1illustrated i FIG. 13, in the multi-resolution image
mampulation section 322 and 822 according to the sixth
embodiment, the mampulation amounts are reduced when
the absolute value of the pixel values of the Laplacian
component 1image data 1s less than or equal to 0.04. This 1s
because when there 1s a noise component in the luminance
(Y) component image data, such a noise component 1s more
likely to be expressed as a small slope. When a small slope
1s considered 1n view of the Laplacian component, the small
slope corresponds to a small Laplacian component. There-
fore, 1t becomes possible to prevent the noise component
from being emphasized by reducing the manipulation
amount when the absolute value of the Laplacian component
image data 1s less than or equal to 0.04.

On the other hand, in the luminance (Y) component image
data, the pixels to be emphasized are the pixels whose values
are slightly greater than those of a noise component 1n the
Laplacian component image data included 1n the luminance
(Y) component multi-resolution image data. Thus, in this



US 10,129,437 B2

17

embodiment, it 1s intended to improve a sense of intelligi-
bility and a sense of unevenness by increasing the manipu-

lation amounts relative to the pixels whose absolute values

in the Laplacian component image are slightly greater than
0.04.

Seventh Embodiment

In the sixth embodiment, i1t 1s assumed that the multi-
resolution 1mage mampulation section 822 applies the con-
tent of the manipulation of FIG. 12 or 13 to all the resolution
levels. On the other hand, 1n a seventh embodiment, the
multi-resolution image manipulation section 822 applies the
content of the manipulation of FIG. 12 or 13 to the multi-
resolution 1mage data having high resolution levels and
multi-resolution 1mage data having low resolution levels.

By doing this, the manipulation content, in which the
manipulation amounts are reduced relative to the pixels
whose absolute values of the Laplacian component image
data are small, 1s applied to the multi-resolution 1mage data
having high resolution levels and multi-resolution 1mage
data having low resolution levels. On the other hand, the
manipulation content, in which the manipulation amounts
are not reduced relative to the pixels whose absolute values
of the Laplacian component image data are small, 1s applied
to the multi-resolution 1mage data having middle resolution
levels.

Here, the “high”, the “middle”, and the “low” resolutions
levels are described. For example, when 1t 1s assumed that
the size of the luminance (Y) component image data to be
iput 1s 4928x3280 pixels, the resolution levels generated by
the multi-resolution 1mage generation section 321 and 822
are resolution levels 0 through 12.

In this case, for example, the resolution levels 0 through
2 are classified as the high resolution levels, so that the
multi-resolution 1mage mampulation sections 322 and 822
apply the mampulation content of FIG. 12 or 13.

Further, the resolution levels 3 through 7 are classified as
the middle resolution levels, so that the multi-resolution
image manipulation sections 322 and 822 apply the manipu-
lation content of FIG. 7. Further, the resolution levels &
through 12 are classified as the low resolution levels, so that
the multi-resolution 1mage manipulation sections 322 and
822 apply the manipulation content of FIG. 12 or 13.

Further, the reasons why the manipulation content varies
depending on the resolution levels are described below. That
1s, a noise component included 1n the luminance (Y) com-
ponent 1mage data 1s more likely to be included in the
Laplacian component image data having high resolution
levels when the multi-resolution 1mage data are generated.
On the other hand, in the Laplacian component image data
having middle resolution levels, actually existing contrast 1s
included even in a very small slope.

Further, 1n the Laplacian component image data having
low resolution levels, density levels (pseudo contour) are
more likely to be noticed by emphasizing a very small slope.
Due to this, the manipulation content of FIG. 12 or 13, 1n
which the manipulation amounts are reduced, 1s applied to
the pixels whose absolute values of the Laplacian compo-
nent 1mage data are small.

As a result, according to the seventh embodiment, it
becomes possible to emphasize a signal component (contrast
actually existing in an object to be imaged) 1n the luminance
(Y) component image data without reducing the signal
component more than necessary while preventing the
emphasis of a noise component and the occurrence of the
density levels (pseudo contour). That 1s, 1n the 1mage pro-
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cessing ol manipulating the pixel values of the multi-
resolution 1mage data, 1t becomes possible to intend to
improve 1mage quality.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled i1n the art that
tairly fall within the basic teachings herein set forth.

The present application 1s based on and claims the benefit
of priority of Japanese Patent Application No. 2014-170387
filed Aug. 25, 2014, the entire contents of which are hereby
incorporated herein by reference.
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The mmvention claimed 1s:

1. An 1mage processing apparatus comprising:

a memory; and

a processor that 1s coupled to the memory and that 1s
configured to

separate 1mage data into a luminance component and a
color component;

generate second 1mage data of the luminance component
by manipulating pixel values of multi-resolution 1image
data generated from first image data of the luminance
component and reconstructing the manipulated multi-
resolution 1image data; and

composite the second image data of the luminance com-
ponent with image data of the color component,

wherein the processor 1s configured to generate the second
image data of the luminance component based on pixel
values which are adjusted by using parameters 1in
accordance with pixel values of the image data of the
color component, and

wherein the processor 1s configured to generate the second
image data of the luminance component by composit-
ing the first image data of the luminance component
with third image data of the luminance component,
which 1s generated by the reconstructing, by using the
parameters 1 accordance with the pixel values of the
image data of the color component.

2. The 1mage processing apparatus according to claim 1,

wherein the processor 1s configured to generate the second
image data of the luminance component by reconstruct-
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ing a composition between the multi-resolution 1mage
data, which 1s generated from the first image data of the
luminance component, and the manipulated multi-reso-
lution 1mage data, in which the pixel values of the
multi-resolution 1mage data are manipulated, by using
the parameters 1n accordance with the pixel values of
the 1mage data of the color component.

3. The 1mage processing apparatus according to claim 1,

wherein the parameters indicate ratios when the first
image data of the luminance component and the third
image data of the luminance component are composited
with each other, and

wherein the greater the pixel values of the image data of
the color component, the greater the ratios of the first
image data of the luminance component when the first
image data of the luminance component and the third
image data of the luminance component are composited
with each other.

4. The 1image processing apparatus according to claim 2,

wherein the parameters indicate ratios when the multi-
resolution 1mage data, which are generated from the
first image data of the luminance component, and the
mampulated multi-resolution 1mage data, 1n which the
pixel values of the multi-resolution 1mage data are
mamipulated, are composited with each other and

wherein the greater the pixel values of the image data of
the color component, the greater the ratios of the
multi-resolution 1mage data generated from the first
image data of the luminance component when the
multi-resolution 1image data, which are generated from
the first image data of the luminance component, and
the mampulated multi-resolution 1mage data, 1n which
the pixel values of the multi-resolution 1mage data are
mamipulated are composited with each other.

5. The 1mage processing apparatus according to claim 4,

wherein the parameters are determined for each of reso-
lution levels of multi-resolution 1mage data which are
generated from the image data of the color component.

6. The 1image processing apparatus according to claim 1,

wherein the parameters are set to one or zero when pixel
values of image data of saturation values calculated
based on the 1mage data of the color component are less
than or equal to a predetermined value C,,, or greater
than or equal to a predetermined value C_, , (C,, ,<C_, ).

7. The 1image processing apparatus according to claim 1,

wherein the processor 1s configured to generate the multi-
resolution 1mage data of a Laplacian pyramid from the
first image data of the luminance component.

8. The 1image processing apparatus according to claim 1,

wherein the processor 1s configured to generate the multi-
resolution 1image data by performing a discrete wavelet
transformation on the first image data of the luminance
component.
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9. The 1image processing apparatus according to claim 1,

wherein the processor i1s configured to manipulate to
increase pixel values which are less than one tenth of a
dynamic range of the first image data of the luminance
component and which are included in the pixel values
of the multi-resolution 1image data generated from the
first image data of the luminance component.

10. An 1mage processing method comprising:

separating 1mage data into a luminance component and a
color component;

generating second 1mage data of the luminance compo-
nent by manipulating pixel values of multi-resolution
image data generated from first 1mage data of the
luminance component and reconstructing the manipu-
lated multi-resolution 1mage data; and

compositing the second image data of the luminance
component with 1image data of the color component,

wherein the second 1mage data of the luminance compo-
nent are generated based on pixel values which are
adjusted by using parameters 1n accordance with pixel
values of the image data of the color component, and

wherein the second 1mage data of the luminance compo-
nent are generated by compositing the first image data
of the luminance component with third image data of
the luminance component, which 1s generated by the
reconstructing, by using the parameters 1n accordance
with the pixel values of the image data of the color
component.

11. A non transitory recording medium storing a program

causing a computer to execute an 1mage processing method
comprising:

separating 1mage data into a luminance component and a
color component;

generating second 1mage data of the luminance compo-
nent by manipulating pixel values of multi-resolution
image data generated from first image data of the
luminance component and reconstructing the manipu-
lated multi-resolution 1image data; and

compositing the second image data of the luminance
component with 1mage data of the color component,

wherein the second 1mage data of the luminance compo-
nent are generated based on pixel values which are
adjusted by using parameters 1n accordance with pixel
values of the image data of the color component, and

wherein the second 1mage data of the luminance compo-
nent are generated by compositing the first image data
of the luminance component with third image data of
the luminance component, which 1s generated by the
reconstructing, by using the parameters 1n accordance
with the pixel values of the image data of the color
component.
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